The genus Blechnum has 13 species that are common plants, well-distributed in Chile. Here, we report a phytochemical analysis of B. chilense (Kaulf.) Mett., as well as the insecticidal effects of extracts of this plant. From the n-hexane fraction four phytoecdysones were isolated: ecdysone, ponasterone, shidasterone and 2-deoxycrustecdysone. A bioassay with Drosophila melanogaster larvae was used to evaluate insecticidal activity. The EtOAc and n-hexane fractions at 800 ppm caused 66.7 and 50.0% larval mortality, respectively. Treatments with both extracts at 800 ppm caused the greatest larval mortality, whereas treatments with 500 and 200 ppm induced premature pupation compared with the control and the highest adult mortality, probably due to interference with ecdysteroid metabolism and inhibition of ecdysis triggering hormone (ETH). The dead adult flies exhibited malformations.
Chile has a variety of ecosystems that are inhabited by about 190 fern taxa, both native and endemic [1] . The genus Blechnum has 13 common and well-distributed species in Chile. In Chilean medicinal folklore, Blechnum species have been used for various purposes [2] .
Hormones, such as ecdysteroids, play an essential role in insect metamorphosis. In Drosophila, pulses of ecdysteroids trigger a wide range of developmental events associated with molting and metamorphosis. Ecdysone is released from the ring gland during development and is converted to 20-hydroxyecdysone in the fat body and target tissues [3] . At the end of the third instar period, a pulse of ecdysone signaling begins metamorphosis and a wide variety of changes in larvae. After 12 hours (at 25°C), a new pulse of ecdysone triggers the transition from "prepupa" to pupa. Later, a subsequent discharge of ecdysone turns on the final differentiation of the adult form in the Drosophila pupa immediately prior to eclosion [4] .
Phytoecdysteroids (PEs) are steroidal triterpenes with structures similar to those of insect ecdysteroids and may participate in the defense of plants against non-adapted phytophagous invertebrates because they possess insect molting hormone activity. PEs also have either deterrent activity. They, with other terpenoids (drimanes, clerodanes, limonoids, agarofurans), are the most promising antifeedant agents from plants. These compounds can be toxic, but usually kill the insect first by starvation [5] . PEs are present mainly in ferns [6] and several in the family Blechnaceae [7] . Insecticidal activity of ferns has previously been found to be caused by PEs. The extracts of certain ferns have toxic effects on Spodoptera littura and Helicoverpa armigera [6] . Feeding with diets containing PEs induces pathophysiological effects in larvae of Acrolepiopsis assectella Zell [8] and causes the death of more than 80% of 2-instar larvae of Cryptorhynchus lapathi L. [9] .
In this paper, we report a phytochemical analysis of B. chilense, as well as the insecticidal activity of various fractions against Drosophila melanogaster.
Phytochemical analysis: Four PEs were isolated from the n-hexane fraction: ecdysone, ponasterone, shidasterone and 2-deoxycrustecdysone. Table 1 shows all results of living and dead larvae, pupae formed and emerged and living adults. The EtOAc fraction at 800 ppm (BA800) was the most active with the respect to larval mortality. On sixth day, larval mortality reached 56.7% and increased until eleventh day, causing death of 66.7% of larvae. This was significant respect to the effects of other treatments, with the exception of n-hexane fraction at 800 ppm (BH800). After first day, larval mortality produced by BH800 was significantly greater than the mortality produced by control NPC Natural Product Communications 2011 Vol. 6 No. 8 1085 -1088 and by the same extract at 200 ppm (BH200). BH800 caused 50% larvae death and permitted pupation of the other 50%, but just 6.7% emerged, and all adults died almost immediately. At 500 and 200 ppm, this fraction produces fewer harmful effects, except wing malformations that led to death. The EtOAc fraction at 500 (BA500) and 200 ppm (BA200) presents similar behavior to BH200, but with better pupal formation and greater emergence rate. Nevertheless, there is still high mortality rate for adults.
Insect Growth Regulatory activity against D. melanogaster:
Pupation began four days after the beginning of treatment with the n-hexane fraction at 500 ppm (BH500), after the fifth day at BH800, BA500 and BA200; and after the sixth day for the rest of treatments, including the control. These results suggest that the early exposure of larvae to PEs from B. chilense extracts caused the anticipated changes in pupation. It was found that ponasterone [10] and its derivatives [11] have greater affinity for ecdysone receptors of Drosophila Kc cells than 20-hydroxyecdysone, which is a naturally occurring ecdysteroid hormone that controls the ecdysis and metamorphosis of arthropods.
Adult emergence started nine days after the beginning of treatment with BH500, from the tenth day with BH200, BA500 and the control; and from the eleventh day with BA800. In treatments BH800 and BA200 most of the pupae formed did not emerge; the remaining individuals emerged, but died either emerging from their pupa or almost immediately afterward, and were not found alive at the time of observation. With BA800, the 40% of the pupae formed did not emerge, 40% emerged but died either emerging or almost immediately afterward and were not found alive at the time of observation, and the remaining 20% emerged but died one day later. The nhexane fraction presented a similar behavior to EtOAc, but with a greater emergence rate. The pupa is a non-feeding stage and death during this period may be caused by an insufficient food reserve, which is accumulated in the larval stage [12] . This fact also suggests that B. chilense compounds have possible deterrant effects. Eclosion is only one event in the sequence of changes that began several hours before [13] .
The greatest adult mortality rates were obtained for BH500 and BA500, both with 63.3%. Both types of extracts at 800 ppm lacked high rates of adult mortality because of high rates of larval mortality and low rates of adult emergence. Mortality of adults was probably caused by the malformations observed ( Figure 1 ). It is well known that during molting, ecdysteroid levels first rise to stimulate onset of apolysis and cuticle synthesis, but must then fall to facilitate the release of eclosion hormone [14] and Ecdysis Triggering Hormone (ETH) [15] . Morphological disruptions recorded in the present study imply interference with ecdysteroid metabolism that results in an inhibition of emergence behavior. Alternatively, other factors act directly to inhibit release of ETH [16] . Our results illustrate the influence of concentration on the effect on D. melanogaster. Treatments at 800 ppm of both extracts caused the greatest larval mortality, whereas treatments at 500 and 200 ppm induced premature pupation compared with the control and the highest adult mortality, probably because of malformations exhibited. These results show a relationship between B. chilense extract concentration and larval mortality, pupal formation and eclosion. This is corroborated by Dinan [17] , who concluded that PE activity depends on the amount consumed, if ingested, the effective concentration, and affinity for the target site. In the case of ponasterone, the affinity was shown to be greater with the ecdysone receptors of Drosophila Kc cells than 20-hydroxyecdysone [10] . Moreover, our study suggests that Blechnum species produce compounds that also possess antifeedant activity. The deterrent effects of some ecdysones are well known. Those of 20-hydroxyecdysone for non-adapted insect species are observed at 2-25 ppm [18] , for Ostrinia nubilalis at 25 ppm [19] and last two instars of Bombyx mori and Mamestra brassicae at 200 ppm [20] . Similar effects were found with sterols [21] and tocochromanols [22] which presence was recently reported in B. chilense [23] . In summary, these IGR effects may be due to a synergistic activity shown by the main components of these extracts. A very interesting and promising way of controlling pest species is the identification of compounds that specifically interfere with the mode of action of ecdysteroids in invertebrates [17] , as in our case. We are working to identify the site and mechanism of action of our samples and chemical analysis of ethyl acetate extract.
Experimental
Chemical and solvents: All reagents used (chloroform, methanol, n-hexane, ethyl acetate and silica gel grade 60, 70-230, 60A°) were either AR or chromatographic grade and were purchased from Merck, Chile.
Apparatus:
The NMR spectra (250 MHz for 1 H and 65 MHz for 13 C) were measured in CDC1 3 (which also provided the lock signal) with Bruker spectrometers (AC-250). The 13 C chemical shifts were assigned with distortion-free enhancement of polarization transfer (DEPT) using a flip angle of 135°. A NOESY experiment was used by determining the stereochemistry of the OH group at C 6 . IR spectra were recorded on a Shimadzu FTIR-8400 instrument. Optical rotations were measured in chloroform at 25° C.
Plant material: B. chilense was collected on the Island of Chiloe, Chile. Voucher specimens have been deposited in the Herbarium of the Universidad del Bio-Bio.
Phytochemical analysis:
Dried leaves (646.5 g) of B. chilense were powered and extracted twice with methanol for 5 days at room temperature. The combined extract was evaporated under reduced pressure to yield a greenishgummy residue (crude extract) (198.2 g). Crude extract was partitioned with n-hexane and EtOAc. The n-hexane fraction was eluted from silica gel (Merck, Si-gel grade 60, 70-230, 60A°) with a gradient of n-hexane (100%) to EtOAc (100%). All compounds were identified on a basis of spectroscopic evidence (IR; 1 H and 13 C NMR).
Bioassay for Insect Growth Regulatory activity against D. melanogaster:
Three concentrations (800, 500 and 200 ppm) were prepared with EtOAc and n-hexane fractions. Fractions were dissolved in distilled water using Tween 80 as an emulsifier, when necessary, and mixed with artificial diet (1 L distilled water, 12 g agar, 60 g yeast, 80 g glucose, 8 g propianic acid). A control diet was treated with distilled water only. 100 adults, Approximately, from colonies of D. melanogaster were introduced into new culture bottles with artificial diet, and allowed to oviposit (25ºC and RH > 60%). Five days later, 10 first instar larvae were collected and placed onto each treatment in Petri dishes and reared at 25ºC and a RH  90% for 16 days. Developmental stage was recorded every 24 h. [24] .
Statistical analysis: Data shown in table 1 are the mean results obtained from 3 replicates and independent experiments. Data were subjected to Repeated Measurement Analysis using by PROC MIXED (SAS Institute, 2004) and analysis of variance (ANOVA) with significant differences between means identified by GLM Procedures (SAS Institute, 2004). The results are given as probability values, with P <0.05 adopted as the criterion of significance. Differences between treatment means were established with a Least Significant Difference (LSD) test.
